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•  A retrospective analysis of term births in the maternity hospital of Basel from 1912 to 1923 was 29 
conducted. 30 
•  Birth weights, placenta weights and residuals were at their lowest at the end of the war in 1918/19. 31 
•  Populations in neutral zones during wars can be afflicted as well, posing a great health burden on 32 









Background: Wars do not only affect combatant countries, populations in neutral zones can be afflicted by 40 
circumjacent conflicts as well, posing a great health burden on mothers and newborns. As neonatal health 41 
remains an ongoing cause for concern, identifying determinants that impede fetal growth is crucial. Under 42 
this pretext, the study aimed to analyze the impact of World War 1 in the neutral city of Basel on neonatal 43 
health by assessing changes in anthropometric parameters.  44 
Methods: A retrospective analysis of yearly cross sections of term births in the maternity hospital of Basel 45 
from 1912 to 1923 was conducted (n = 3718). We tested adjusted anthropometry for time trends in 46 
comparison to a pre-war baseline, including birth weight, placenta weight, birth length, ponderal index and 47 
gestational age. Interrelations of placenta weights and birth weights were examined separately through birth 48 
weight to placenta weight (bw/pw) ratios and residuals of placenta weight to birth weight regressions.  49 
Results Birth weights, placenta weights and residuals were at their lowest in 1918/19, a trend not reflected in 50 
bw/pw ratios. Birth lengths remained low while ponderal indexes declined during the entire period of war, 51 
gestational age remained rather stable. 52 
Discussion: 1918/19 were the pinnacle years for the population of Basel, who were suffering from general 53 
detrimental economic conditions, a food supply crisis and an outbreak of the Spanish Flu. These adverse 54 
circumstances coincided with low birth and placenta weights, residuals depicting the correlation of birth 55 




1. Introduction 1 
 2 
Neonatal health remains an ongoing cause for concern [1, 2]. Since the 1950s there have been 3 
significantly fewer deaths of children under 5 years of age [1]. However, there are still large 4 
regional differences around the world and the decline in deaths is greater among the post-neonatal 5 
groups than among neonates [1]. Overall, the proportion of deaths under 1 year within deaths under 6 
5 years has increased [1]. In addition, the proportion of births below 2500 g is decreasing less 7 
rapidly than desired, with persisting regional differences around the world as well [2]. Thus, 8 
identifying determinants that impede normal development and growth are crucial to the cause of 9 
ameliorating neonatal health at large. An important tool for studying impaired (or excessive) fetal 10 
growth are anthropometric parameters of newborn infants [3]. They serve as a low-cost, non-11 
invasive research method to record body size and proportion in both individuals and populations 12 
[4]. As indirect reference values, these parameters allow conclusions about the intrauterine 13 
environment, maternal nutrition and predictions of the newborns postnatal morbidity, mortality as 14 
well as long term health outcome [5-7].  15 
The most common parameters in practice are birth weight (BW), head circumference (HC) and 16 
body length (BL), while BW and BL can be combined to a measure of body proportionality;  17 
Rohrer’s Ponderal Index (PI) [3]. Placental weight (PW) is a further important perinatal parameter 18 
routinely recorded after delivery [8]. A positive correlation with BW has been repeatedly found [9-19 
11], and the combination of BW and PW in form of a simple ratio (BW/PW ratio) has been 20 
implicated as a proxy of placental efficiency [12, 13]. All of these parameters vary in mean and 21 
spread values at different gestational ages (GA), therefore it is important to record the length of 22 
gestation in order for them to be validly compared [3, 14]. 23 
Neonatal body dimensions are determined by various factors, such as genetics of the fetus (e.g. sex, 24 
ethnicity [15]) and maternal characteristics, which include among others: age [16, 17], height [18], 25 
parity [19], pre-pregnancy weight and BMI [20, 21] as well as maternal social status [22], level of 26 
education [22], health (e.g. infection [23]) and lifestyle (e.g. cigarette smoking [19, 24]). 27 
Furthermore, it has been shown that maternal distress is associated with suppressed fetal growth 28 
[25]. Studies have further shown that maternal nutritional levels, especially third trimester exposure 29 
to malnutrition [26, 27], adversely affect fetal growth. Sufficient nutrition as well as access to 30 
adequate health care being dependent on the socio-economic environment during the pregnancy, 31 
recent studies have reported negative influences of economic downturns on neonatal health 32 
outcomes [28-30].  33 
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In the process of further assessing determinants influencing fluctuations of anthropometric 34 
parameters, a historical perspective may prove valuable, as it allows a retrospective examination of 35 
adverse perinatal environments on parameters of health and the possibility to monitor trends [31, 36 
32]. The last time Switzerland’s population experienced a severe downturn on a national economic 37 
and social scale was during the years of World War 1 (1914 – 1918). Although Switzerland 38 
remained neutral during the war, civilian welfare nevertheless suffered under the circumjacent 39 
political disruption: trade relations with belligerent countries thinned out [33], harvest failures in 40 
1916 and 1917 led to a food rationing of staple foods in 1917 [34], and the outbreak of the Spanish 41 
Flu (1918/1919) further exacerbated the situation [35].  42 
Basel is located where the Swiss, French and German borders meet, and the Western Front was in 43 
an immediate vicinity of the city. The city suffered under the disruption of normal trade relations 44 
caused by the war, which impacted Switzerland’s economic and social situation seriously. Prices 45 
rose sharply due to inflation [36]. In the light of an impending undersupply, food rationing of staple 46 
foods was introduced in 1917 [34], and was kept in operation until its gradual resolution from 1919 47 
to 1920 [34]. Real wages of skilled workers in Basel decreased and reached a minimum in the years 48 
1918 and 1919 [37]. Additional emergency relief measures supported 30,000 people until the 49 
beginning of 1918 [36]. This was about a fifth of the population of Basel. The difficult social and 50 
economic situation was exacerbated by the outbreak of the Spanish flu in 1918. According to the 51 
health department roughly a quarter of the population of the city of Basel (35`000 cases) were 52 
infected by the virus and death toll rose to 732 deaths [35, 36, 38]. However, discharge began by 53 
1919/20; the country had recovered to some extent and as the economy improved prices sank back 54 
toward pre-war levels and wages were on the rise again [33]. 55 
An earlier examination of births during World War 1 in the city of Basel revealed a decline in birth 56 
weight during the years 1918 and 1919 [33], which aligns with the findings of studies on the 57 
influence of economic downturns mentioned above [28-30]. However, all of these studies 58 
concentrated on birth weight (BW) as their main outcome factor. In World War 2, prenatal exposure 59 
to the Dutch famine of 1944-1945 caused a decline not only in BW, but also in PW, BL and HC 60 
[39]. Recent anthropometric historical studies further support the importance of multi-parameter 61 
investigations [40, 41]. Although the nutritional situation in the city of Basel was not as devastating 62 
for the population as it was during the Dutch famine in World War 2, or in other European countries 63 
affected by World War 1 (e.g. Russia [42]), the conditions were serious enough to have a negative 64 
effect on birth weight. Our goal therefore was to exhaust the same dataset for the city of Basel, and 65 
to expand the previously collected data by adding further anthropometric parameters of neonatal 66 
health in order to explore in turn how they reacted during the same time period (1912 – 1923).  67 
3 
 
We seek to contribute to the literature on the impact of perinatal exposure to political, social and 68 
economic crises in a war-time environment on a regional scale. In the following paper we will focus 69 
on term births in the city of Basel during the years 1912 – 1923 and address the following 70 
questions: What impact did World War 1 have on placenta weight, birth weight, birth weight in 71 
relation to placenta weight, body length and ponderal index? Were all of the selected parameters 72 
affected in the same way, or did they react differently?  73 
 74 
2. Material and Method 75 
 76 
Data source 77 
The individual data was extracted from the birth records of the university maternity hospital 78 
(Frauenspital) of the canton Basel Stadt (stored in the State Archive Basel Stadt), where childbirths 79 
have been recorded in detail since 1896. An individual record of birth spreads over four pages and 80 
contains precise information of the mother, the birth and the newborn. Incomplete records are very 81 
rare. For this paper, the inventory Sanität X29 with 16 control books for the period from 1912 to 82 
1923 was examined. Each book contains around 250 birth records. Since there was no admission 83 
selection, the maternity hospital was considered a cluster unit; mothers seeking medical assistance 84 
were not only from higher but also lower socioeconomic backgrounds and births ranged from 85 
problem-free to complicated. The vast majority of patients (> 85 %) were residents of the city of 86 
Basel, and this did not change during our observation period [33]. Regarding the years 1912 to 1923 87 
approximately 50-66 % (overall 60%) of all childbirths (Appendix Table 1) and more than 90 % of 88 
all hospital childbirths per year in the city of Basel took place at the maternity hospital [33]. Thus, 89 
the number of childbirths occurring at the mothers home or in other hospitals were ca. 40% in the 90 
case of Basel, which was ca. 20% less than in Zurich during the same time [33].   91 
However, the archived books – originally consisting of about three per year - constitute only about a 92 
third of the original full records and births given in the maternal hospital during our observational 93 
period (in the 1970s the archive reduced the number of books for storage reasons). As a result, our 94 
data inevitably represents only about 20% of all births in the maternity hospital Basel during this 95 
period, and thus about 16% of all births in the city of Basel (Appendix Table 1). There appeared to 96 
be no selection pattern - in particular no seasonal selection pattern - in the presently available books 97 
(see Appendix Table 1). The existing records of birth contain extensive and precise information, 98 
strongly suggesting a standardized method of data collection. Unfortunately, clarifications 99 
regarding the exact methods and protocols of measurement were not recorded (or those records may 100 
be lost). 101 
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Access to the protected individual data was allowed by the Staatsarchiv Basel-Stadt upon signed 102 
contractual agreement. After linking the sources and data cleaning, the data have been fully 103 
anonymized. 104 
  105 
Variables 106 
The birth records contained numerous data concerning the mother, the birth and the newborn, only 107 
slightly restricting the variety of possible variables to be included in this study.  108 
Birth weight (BW) is one of the most widely used anthropometric indicator of size, reflecting 109 
intrauterine development [3, 43]. Low birth weight (< 2500 g) [44] is known to be a risk factor of 110 
morbidity and stunting in childhood [2], and has been identified to be associated with chronic 111 
diseases in adult life such as hypertension and non-insulin dependent diabetes [45]. Data has also 112 
shown that underweight women, in combination with malnutrition, have an increased risk of low 113 
birthweight infants [20, 23].  114 
Birth length (BL) is another indicator of neonatal size, providing valuable additional information 115 
and proving to be a useful measure when birth weight is not available [3]. However, the reliability 116 
of this measure is not as high as for other parameters, owing to variations in posture and muscle 117 
tone of newborns and to interobserver errors, the measurement being sensitive to the training of the 118 
data collector [3]. BW and BL are often combined to Rohrer’s ponderal Index (100 x BW in grams / 119 
cube of the birth length in cm3), an index of proportionality. It may serve as an estimate of 120 
proportionate retardation or acceleration of growth in weight and length [3]. Newborn sex is known 121 
to stratify these indicators, as male neonates are by average heavier and taller with a larger head and 122 
chest circumference than females [27]. 123 
Placental weight (PW) is another important neonatal parameter, routinely recorded after birth. The 124 
placenta plays a crucial role in fetal growth, as dysfunctional placentas are correlated with low birth 125 
weight infants [46]. PW also reflects maternal body composition during pregnancy as a function of 126 
changing eating behaviors, for example during Ramadan [47]. As a proxy for placental efficiency, 127 
BW and PW have been combined to a ratio (BW/PW), defined as the grams of fetus produced per 128 
gram placenta [13]. Low ratios have been associated with asymmetric growth restriction in fetuses 129 
[48], high ratios with higher incidences of preeclampsia and intrauterine growth restriction [49]. A 130 
high ratio can also reflect a reduced placental volume, suboptimal placental function, reduced 131 
supply of nutrients and placental insufficiency [50]. However, a recent study advised a different 132 
statistical approach for measuring placental efficiency, as ratios have inherent properties that can 133 
lead to spurious results [51]. Changes in BW/PW ratios with placental size are a result of the fact 134 
that the intercept is not zero, meaning the ratio of BW/PW will change along the regression line 135 
[51]. This artifact of ratios may lead to interpretation errors, e.g. histologically immature placentas 136 
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at term appeared to be more “efficient” at birth according to the ratio [51]. Instead, the use of 137 
residuals of a regression of birth weight on placental weight is proposed. This method requires a 138 
sample of births and cannot be calculated for an individual birth, but it is less prone to artefacts 139 
[51]. We chose to include BW/PW ratio as well as residuals of regressions, in order to compare the 140 
results and examine their sensitivity to fluctuations of birth and placental weights.  141 
Size of the infant and of the placenta at birth not only reflects fetal growth but also duration of 142 
gestation [3]. BW/PW ratio at term is known to increase with GA, as the proportion of increase in 143 
BW is higher than PW [14, 48]. This corresponds to the association of small-for-gestational age 144 
infants and increased ratios due to increased placental size and decreased BW, which pose a risk 145 
factor of increased neonatal morbidity [52, 53]. In our data, GA was calculated as the difference 146 
between date of birth of the child and reported last menstruation of the mother.  147 
In order to provide a context for the specific variables mentioned above, we examined the socio-148 
economic environment of the mother through data that we gathered over the birth register 149 
(inventory Sanität X8) [33]. These registers were linked to the birth records in nearly 100 % of the 150 
cases. The co-factors examined included maternal age, height, parity and social status (married, 151 
unmarried) as well as the profession of the father (if known). A socioeconomic position (SEP) 152 
classification proposed by Schüren [33] was assigned to each occupation, the evaluated SEP for the 153 
father was then used to measure SEP of the family. The profession of the mother, although 154 
recorded, was not included in the SEP measure, except if the father was not recorded in the 155 
registers. 156 
 157 
Missing data 158 
In order to handle missing values for height of mother (missingness 21.6%), GA (6.9%), PI (3.2%), 159 
birth length (3.2%), PW (1.8%), SEP (0.5%) and BW (0.1%) multiple imputation with chained 160 
equations (MICE) was applied to impute the incomplete data [54]. The imputation model includes 161 
the incomplete variables and the complete variables: year, age of mother, parity and sex [55]. Since 162 
the maximum fraction of missing information was approximately 21.6%, we created 22 complete 163 
datasets with 25 iterations [56, 57]. For each dataset, the analyses were performed separately and 164 
merged afterwards using Rubin’s rule [58]. We compared the results with a complete-case analysis 165 
[59]. The results of the multiple imputation and complete-cases analysis differ slightly but lead to 166 
the same conclusion. For that reason, only the results of the multiple imputation are shown in the 167 
main manuscript. The results of the complete-case analysis, however, can be found in the 168 
supplementary information (Appendix Figure 3). 169 
 170 
Statistical analysis 171 
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The variables of the years 1912 and 1913 were defined as a baseline in order to compare the 172 
following years and examine temporal trends during the observed time period (1912 – 1923). This 173 
was further a means to replicate earlier findings, where birth weight alone was analyzed [33]. To 174 
compare the different anthropometric parameters for neonatal health, the continuous responses and 175 
co-factors were standardized using z-scores. Consequently, all results are given in standardized 176 
regression coefficients. Linear regression models were used to estimate the effect of the year for 177 
each neonatal health response. Except for the model for GA, where GA is used as response and all 178 
GAs are included, we adjusted for age of the mother, height of the mother, SEP, parity, GA 179 
(restricted to weeks ≥ 37) and sex of the child. For the evaluation of fetal death at any gestational 180 
age (from here on short: fetal loss) and preterm birth rates, we calculated point estimates of 181 
published data of the city of Basel [60] and of the canton Basel [61], which where compared with 182 
confidence intervals calculated from our own dataset. All statistical analyses were performed using 183 
R Version 3.6.0. The R package “mice” [62] was used to impute the missing data. We used ggplot2 184 
[63] to produce all figures. 185 
 186 
 187 
3. Results 188 
 189 
Our initial sample was n = 4075 births, we excluded n = 357 (8.76 %) births. Mothers below the age 190 
of 20 years n = 81 (1.99%) and ≤ 130 cm n = 3 (0.07 %) were excluded from the sample, as well as 191 
twins n = 104 (4.02 %). We also excluded n = 1 neonate with an implausible Ponderal Index > 100 192 
gr/cm3 (0.03%). All fetal loss n = 164 (4.02 %) were excluded (this aspect of neonatal health was 193 
examined separately in Figure 2). Additionally, we excluded births with a gestational age of ≥ 50 194 
weeks n = 4 (0.10 %), as they were considered biologically implausible values. For the analysis of 195 
gestational age (GA) we used a final sample of n = 3’718. For the analysis of neonatal measures we 196 
further excluded n = 228 (6.13%) preterm births (gestational age <37 weeks), which led to a final 197 
sample of n = 3’490 consisting of live term births from singleton pregnancies from mothers giving 198 
birth in the maternity hospital of the city of Basle January 1912 and December 1923. Of these 199 
mothers, 86 % were residences of the city of Basel, 7 % lived in the canton Basel Landschaft and 200 





Figure 1: Changes in the sample composition (n = 3’718) of newborn sex, family socioeconomic position 204 
(SEP), and parity (A-C, upper line) as well as boxpl ts of maternal age, gestational age (for all gestational 205 
ages), and maternal height (D-F, bottom line) across the observation period 1912-1923.  206 
 207 
 208 
Descriptive statistics of BW, GA (for all gestational ages), PW, PI etc. are presented in Appendix 209 
Table 1. The corresponding distributions appear symmetrically (Appendix Figure 1). Figure 1 210 
shows the sample composition and descriptive statistics of selected variables across the years 211 
between 1912-1923. During this time period, the proportion of male and female births did not vary 212 
considerably (Figure 1A). Maternal characteristics such as mean height and weight (Figures 1D-F) 213 
present themselves in a temporally consistent form, as well as gestational age at birth. However, a 214 
tendency toward a higher percentage of mothers belonging to a high SEP is visible during the 215 
observed time period (Figure 1B). Another tendency concurring with the time period is the shift 216 





Figure 2: Fetal loss (A, left) and premature birth (as defined at < 32 weeks by the published data) [60] (B, 220 
right) rate. The blue squares with 95% confidence int rvals indicate the individual data analyzed in this 221 
paper (n = 3’718), the red and green points/triangles represent published aggregated statistics for the 222 
canton and the city of Basel.  223 
 224 
Figure 2 shows in blue squares (incl. 95% CI) the crude percentage of fetal loss (A) and the crude 225 
percentage of premature rate (B) of all births in our data for each year respectively. This data was 226 
compared with published data from the entire canton respectively the entire city of Basel (red points 227 
and green triangles). As in the data from the city of Basel preterm birth was defined at < 32 weeks, 228 
the other datasets were modeled accordingly. Both Figures (2A + 2B) clearly show that the fetal 229 
loss and premature rates of our data are consistently higher than the rates of both of the official data 230 
(which cover all births), except in 1915 (A). While the published data series each show a slight peak 231 
in 1919, this picture is not so pronounced in the individual data from the maternity hospital 232 
analyzed here. The majority of fetal loss occurred after the 20th week of gestation (82.3 %).  233 
 234 
The results of adjusted linear regressions for BL and PI (Figure 3A, left), BW and PW (3B, right), 235 
BW/PW ratio and residuals from PW of BW regression (3C, left), and GA (3D, right) are shown in 236 
Figure 3 (detailed results are presented in Appendix Table 1). From the beginning of World War I 237 
in 1914 to the after its end in 1919, BL of term births is significantly lower than the baseline values 238 
of 1912-1913, however it then remains stable until the end of the observation period (A). As PI is a 239 
proportionality parameter and BL is the denominator of the proportion, these two variables develop 240 
dependently. PI is significantly higher than the baseline during the war, shows a declining trend 241 





Figure 3: Coefficient plots showing the fully adjusted linear regressions for birth length (BL) and ponderal 245 
index (A, left), birth weight and placenta weight (B, right), birth weight to placental weight ratio and 246 
residuals from placental weight to birth weight regssions (C, left) among term births (n = 3’490), and 247 
gestational age (GA) (D, right) among all included births (n = 3’718).  248 
 249 
BW of term births shows a significant dip towards the end of the war in 1918 and 1919 in 250 
comparison to 1912-13, varying only little before and after those two years (B). PW shows a slight 251 
but not significant tendency toward lower measurements during the war compared to the baseline of 252 
1912-13. The lower tendency is especially visible in 1918 and 1919, correlating with our findings of 253 
lower BWs during those two years as well. However, clearly elevated PWs were found in 1920. In 254 
terms of the co-factors included in the regressions, higher SEP, higher maternal age, higher 255 
maternal height, higher parity, higher gestational age, and newborn sex were significantly 256 
associated with higher BW, BL and PW. 257 
 258 
Similar temporal fluctuations as for PWs are reciprocated in the BW/PW ratios and in the residuals 259 
of BW and PW regressions (3C). However, a discord between ratios and residuals in reaction to 260 
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fluctuations of BWs and PWs was observed in 1918 and 1920. While in 1918 PWs are low (but not 261 
significantly lower in relation to our baseline), BWs are significantly lower than expected for the 262 
measured PWs, reflected in significantly lower residuals of that year. Contrarily, ratios did not 263 
significantly change in respect to the baseline, BWs not being low enough to affect the ratio. In the 264 
year 1920, PWs were significantly higher with regard to the baseline, however BWs were as to be 265 
expected based on the regression, reflected in the residuals (Appendix Figure 3), as they show no 266 
significant deviation to the baseline. The ratio, on the other hand, shows significantly lower values, 267 
as the large placental weights lead to a rather large denominator, generating a low ratio. Gestational 268 
age (3D) presents an oscillating development around the baseline 1912-1913, with minima in 1915 269 
and 1916, corresponding with increased preterm (Figure 2, B) and fetal loss rates (Figure 2, A). As 270 
a first sensitivity check we stratified the regressions from Figure 3 by sex of the neonates. The 271 
results (Appendix Figure 4) reveal that the significant associations in the overall models (which are 272 
controlled for sex) were more driven by the male neonates. Although girls show the same general 273 
tendencies and directions, associations between years and neonatal measures were weaker in girls 274 
than in boys. As a second sensitivity analysis, we reran our main regressions as linear random effect 275 
models to control for the variance within and between the months of birth (in order to check if the 276 




Figure 4: Mean BW/PW ratio by gestational age (week 31 – 45) and observational year (n=3718). The line 281 




In Figure 4, we expanded our study sample from term births to all births delivered between weeks 284 
30 and 45 and plotted average BW/PW ratio per week of gestational age for each year of 285 
observation separately. Until ca. week 38 we see a marked increase in average BW/PW ratio per 286 
increasing week of gestation. This means that over these early gestational weeks (31-38), 287 
birthweight catches up with placenta weight. Whereas all observational years show this same 288 
pattern, 1920 is an exception: Placenta weight was lower in earlier gestational weeks as compared 289 
to other years, leading to a higher BW/PW ratio already at earlier gestational periods.  290 
 291 
 292 
4. Discussion 293 
 294 
In the present study, the influence of the first World War on anthropometric parameters of neonatal 295 
health in the city of Basel was examined. While during the first half of the war shortages in food 296 
supplies could be evaded through sufficient imports, the following years of 1917 and 1918 were 297 
marked by harvest failures and a decline in imports causing a food crisis, as well as lower wages 298 
and higher prices leading to an impoverishment of the population [34]. The outbreak of the Spanish 299 
flu in 1918 presented an additional burden. Our findings mirror these detrimental conditions, as the 300 
lowest term BWs and PWs over the observed time period (1912 – 1923) were presented in the years 301 
1918 and 1919.  302 
 303 
We have successfully replicated the BW results of one of our previous studies on the benefits of 304 
interventions in Basel during World War 1 [33]. Recent studies have indicated a correlation 305 
between lower birth weights and economic crises [28, 29], notably mothers of low-educational 306 
backgrounds suffered both from nutritional deprivation and maternal stress [29]. Mothers during 307 
World War 1 similarly had restricted access to nutritional goods and/or were quite likely subjected 308 
to stress caused by various causes (a factor that itself has been shown to be associated with 309 
suppressed fetal growth) [25]. Further, PW is known to correlate with BW [9, 39]. Our results show 310 
similar tendencies as were found during the Dutch Famine (1944 – 45), where mean PWs declined 311 
in a congruent manner to BW, indicating that mothers suffering from malnutrition during third 312 
trimester tended to have newborns with lower BWs and PWs [39]. This finding is also consistent 313 
with previous research in the field, illustrating the strong relationship between placental and fetal 314 
weight under all nutritional conditions, and that while caloric intake is known to influence placental 315 
and fetal growth only under severe nutritional deprivation, a lesser direct influence of nutrients on 316 
fetal growth is possible [64]. In addition, modern data from Saudi Arabia over ten years has 317 
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confirmed that placenta weight may serve as a sensitive indicator reflecting changes in the maternal 318 
body composition as a result of changing eating habits during Ramadan [47]. 319 
 320 
Birth lengths remained low from 1914 - 1919, while PI measurements show a declining trend 321 
during the war. Low PI has been indicated to correlate with the mothers diet in pregnancy, mediated 322 
through constraints in placental development [65]. While the temporal development of placental 323 
weight shows similarities with the temporal development of PI, fluctuations in PI may have also 324 
been caused by measuring and reporting biases of BL, as this parameter had been related to low 325 
reproducibility [3].  326 
 327 
Further, our analysis suggests that the modification of the parameters at birth were not mediated by 328 
duration of gestation, as a) our main analysis was restricted to term births only, and b) gestational 329 
age deviated from pre-war durations only slightly during the first half of the war, and remained 330 
unchanged for the rest of the observed time period. This finding is also consistent with previous 331 
statements of length of gestation not being affected by nutritional conditions of the mother, 332 
indicating that the modified dimensions of the newborn at birth are not mediated through 333 
gestational age and that determinants of gestational age duration differ from those of neonatal 334 
anthropometric parameters [3, 66, 67].  335 
 336 
While only live term (≥ 37 weeks) parameters of newborns were analyzed, dimensional effects of 337 
fetal loss and preterm birth rates were evaluated separately. The rates showed a temporally rather 338 
consistent form, the officially published data of the entire canton and the city of Basel showing a 339 
slight peak in 1919 - this trend being less pronounced in the individual data from the maternity 340 
hospital. In general, the rate of fetal loss and premature births in the maternity hospital were slightly 341 
higher than in published figures for the entire canton. It must remain unclear whether this could 342 
point towards a selection bias (i.e., more complicated pregnancies and births in the hospital) and/or 343 
underreporting of fetal loss delivered at home. While low placenta weight has been indicated as a 344 
risk factor of stillbirth [68], the relationship remains unknown, and while comparatively lower 345 
placenta weights were found in 1919, a causal connection could not be made.  346 
 347 
With the intention of examining the correlation between birth weights and placenta weights, a rather 348 
remarkable finding was reached by direct comparison of variations in BW/PW ratio and residuals 349 
from regression of PW to BW. In 1918, birth weights were lower than expected for the measured 350 
placental weights, reflected in significantly lower residuals. According to current theory, where 351 
ratio is used as a proxy for placental efficiency [13, 69], our findings would imply a reduced 352 
13 
 
placental efficiency, however ratios are not significantly lower in comparison to the baseline. 353 
Furthermore, low ratios were found in 1920, in response to high placental weights, indicating a 354 
reduction in placental efficiency of that year. However, residuals in 1920 did not significantly 355 
deviate from the baseline i.e. birth weights were as to be expected for the given placental weights, 356 
implying that placental efficiency did not lessen in comparison to the baseline.  357 
 358 
Our analysis confirms Christians et. al. [51] conclusion that ratios are subjected to undesirable 359 
properties, as changes in BW/PW ratio are a result of the intercept not being zero, thus creating an 360 
artefact. Instead, the use of residuals as a measure of placental efficiency is proposed, and our 361 
findings support this suggestion. Furthermore Hayward et.al. called attention to the fact that the 362 
ratio alone only offers limited insight into placental efficiency, therefore considering if it is the 363 
weight of the fetus or the placenta that is higher or lower than the norm is crucial, and offers greater 364 
insight into the probability of incidence of abnormal placental function [13]. Another remarkable 365 
finding was the high placental weights recorded during the year of 1920. As records stating the 366 
exact protocols of measurements could not be found in the archives, it is possible that the high 367 
measures are the result of a measurement and/or reporting bias (e.g. method of measurement or 368 
change of scales). However, the high measurement may also be an expression of compensatory 369 
effect of the placenta due to the low birth weights in the years before. In order to examine this 370 
hypothesis a larger basis would be necessary.  371 
 372 
There are some limitations to this study. Firstly, birth records are not complete for each year (only 373 
one third of the original records were available, and our data represents only about 20% of all births 374 
given in the maternity hospital at that time), suggesting our study could be subject to a selection 375 
bias as the births may have been influenced by other factors not included in this study, e.g. seasonal 376 
influences. As a sensitivity analysis, we reran our main regressions as linear random effect models 377 
to control for the variance within and between the months of birth and found similar patterns. For 378 
that reason, we assume that the month of birth, and thus the selection of the book, did at least not 379 
vastly influence our results. Secondly, the specific methods of measurement could not be traced in 380 
other documents of the archives, as for the comparison of our data with further studies it would be 381 
relevant to know how birth weight or placenta weight were measured (if the placenta was weighed 382 
trimmed or untrimmed [10, 70]). Specifically information on the methods of measurement may 383 
have made it possible for us to explain the unusual placenta weight data we collected for the year 384 
1920. Thirdly, direct measures of maternal nutrition intake and stress would be insightful for a 385 
deeper understanding of their effects on neonatal anthropometric parameters. Fourthly, we were 386 
unable to isolate the effects of war versus the effects of infection from the Spanish flu, which hit 387 
14 
 
Basel from early July 1918. Since our archival source for the year 1918 covers only births that took 388 
place before May, these pregnancies and births cannot have been influenced by the Spanish flu. 389 
However, for births in 1919 (coverage from March), there is a possibility that infection may have 390 
taken place during pregnancy (in Basel, the second wave occurred between October 1918 and 391 
January 1919). Unfortunately, the qualitative medical histories in the archival source of the 392 
maternity hospital have not been recorded in a standardized way enough to be able to control this on 393 
an individual level. 394 
 395 
Conclusion 396 
Our study provides first direct evidence of changes in anthropometric parameters for neonates born 397 
during the World War 1 in the city of Basel. It shows that countries not directly involved in war can 398 
nonetheless be affected by political and economic disruptions on a larger scale. Although 399 
socioeconomic conditions were not severe enough to cause a famine, detrimental effects on 400 
neonatal health were nonetheless visible. Low BW and PW measures coincided with the pinnacle 401 
years of the war in 1918 and 1919, as also the Spanish flu swept through Basel. Further studies 402 
should disentangle war vs. infection effects and test if individuals born during these years may have 403 
a slightly higher risk of suffering from chronic disease in adult life [71, 72].  404 
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•  A retrospective analysis of term births in the maternity hospital of Basel from 1912 to 1923 was 
conducted. 
•  Birth weights, placenta weights and residuals were at their lowest at the end of the war in 
1918/19. 
•  Populations in neutral zones during wars can be afflicted as well, posing a great health burden on 
mothers and newborns. 
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